Although inflows from downstream tributaries to the Madison and Missouri Rivers dilute concentrations, significant amounts of arsenic are present in the water of the Missouri River as it flows into Fort Peck Lake (U.S. Geological Survey, 1976-85) .
Because 50 yg/L is the maximum allowable limit for arsenic as established by primary drinking-water standards (U.S. Environmental Protection Agency, 1986), concern exists regarding the potential effects on human health.
From November 1985 through October 1986, a monitoring network of 24 sampling stations was operated by the U.S. Geological Survey on the upper Missouri River and selected tributaries to measure arsenic concentrations and determine arsenic discharges. Information from that previous study was published in a report by Knapton and Horpestad (1987) . As a supplement to that study, arsenic data were collected from March to July 1987. The purpose of this report is to present the data acquired from the 1987 monitoring period.
Sampling was conducted at nine stations ( fig. 1) The sampling period was selected to include the high flows of spring runoff. Seven samples were scheduled for collection at each station, with sampling times based on streaaflow conditions. Samples were analyzed for concentration of total recoverable arsenic; arsenic discharge was calculated from the concentration and stream discharge. In addition to arsenic, specific conductance of the samples was measured as a surrogate determination of dissolved-solids concentration* Stream discharge, water temperature, and air temperature were determined at the time of sample collection. Because laboratory analysis was to be performed for total recoverable arsenic concentration, a representative stream sample of the water-sediment mixture was required. Samples, therefore, were collected either by the "Equal Width Increnent" or the "Equal Discharge Increment" method, using modified suspended-sediment samplers (Guy and Norman, 1970) . Where streams were shallow enough to allow wading across the stream section, the Equal Width Increment method was used with a US-DH-48 sampler. Where stream sections were too deep to wade and samples had to be collected from cableways or bridges, the Equal Discharge Increment method was used with a US-D-74 sampler suspended by a bridge crane and reel. Both methods of sampling enabled depth integration through a series of vertical sections across the stream channel.
The subset samples from all vertical sections were composited and mixed onsite in a Geological Survey churn sample splitter.
A representative sample of the water-sediment mixture was withdrawn and preserved by acidification with nitric acid prior to transmittal to the laboratory for arsenic analysis. A second sample for measurement of specific conductance was withdrawn from the sample splitter in the same manner, but not acidified.
Stream discharge was obtained by direct measurement or, where stream gages were present, indirectly from observed stream stage and stage-discharge rating tables. All methods conformed to documented procedures of the U.S. Geological Survey (Rantz and others, 1982) .
Stream temperatures were measured at midstream using field-grade thermometers. Air temperatures also were measured with field-grade thermometers.
LABORATORY PROCEDURES
The samples from individual stations consisted of two bottles each of representative water-sediment mixtures one acidified and the other untreated.
(No additional pretreatment of samples was done either onsite or in the laboratory.) The acidified sample was analyzed for arsenic and reported as total recoverable arsenic. The untreated sample was analyzed for specific conductance.
Arsenic was analyzed by the atomic absorption, spectrophotometric, gaseous hydride method. In a series of steps, all arsenic is reduced to As , then combined with sodium borohydride to form gaseous arsine. The arsine is swept by a flow of nitrogen into a quartz cell heated to 900 °C, where concentration is determined by atomic absorption. The detection level for this procedure is 1 ug/L. Analytical precision is given in table 1.
Specific conductance was determined by the electrometry method using a cathoderay tube with wheatstone bridge circuitry in which a variable resistance is adjusted so that it is equal to the resistance of the unknown solution present in a standardized conductivity cell. The reciprocal of the measured resistance is reported as specific conductance, in microsiemens per centimeter (uS/cra). All neasurements were made on samples and standards at a temperature of 25 °C. Specific conductance was reported to the nearest whole number.
Analytical precision is given in table 1.
As part of the quality assurance plan, about 20 percent of the samples were duplicates. The duplicates were submitted to the laboratory with false station numbers, dates, and times. Results of the arsenic duplicates indicated a median difference in concentration between paired samples of 1 Vg/L and a maximum difference of 15 yg/L. The 15 yg/L represented a difference of 6 percent. Paired samples for specific conductance indicated a median difference of 2 yS/cm and a maximum difference of 80 yS/cm, which represented a difference between samples of about 2 percent.
The Chemistry Laboratory Bureau is certified by the U.S. Environmental Protection Agency for water, wastewater, air, and hazardous-waste analyses. The laboratory also participates in the U.S. Geological Survey Standard Reference Sample Program. Internal laboratory quality-control procedures include duplicate analyses for measurement of precision, spiked analyses for checking accuracy, and reference sample analyses used as an external check on standards. Acceptability criteria are given in table 1.
DATA RESULTS
The results of onsite and laboratory measurements are given in table 3. Arsenic concentrations are reported in micrograms per liter and are equivalent to parts per billion.
Arsenic discharge was determined by multiplying the water discharge by the concentration of arsenic and a units conversion constant:
where Qa is arsenic discharge, in pounds per day; Qw is the water discharge, in cubic feet per second; Ca is arsenic concentration, in micrograms per liter; and k is 0.0054, a constant used to convert arsenic discharge to pounds per day.
Variations of arsenic concentration and arsenic discharge with time are shown for the most upstream station on the Madison River ( fig. 2 ) and the most downstream station on the Missouri River ( fig. 3) . Length of time between sample collection ranges from about one-half to 1 month. Although the data points in figures 2 and 3 are connected by lines for visual comparison, the lines may not account for some variations in arsenic concentrations and discharges that could have occurred between times of sample collection.
Arsenic concentrations and arsenic discharges are shown for the seven mainstem stations during selected periods in 1987 (figs. 4 and 5). The April 1-3 sampling ( fig. 4) were at capacity or filling. The runoff in the upper Missouri River basin during 1987 was considered to be abnormally small, owing to a less than normal mountain snow cover.
Of the seven mainstem stations, only the Madison River near West Yellowstone (station 2) is not affected by a reservoir. Between the most upstream and downstream stations, two reservoirs are present on the Madison River and four on the Missouri River. If data in this report are used for interpretation, the reader is cautioned to consider the effects of impoundments on the results. The reservoirs can have a significant effect on both arsenic concentrations and arsenic discharge. Mixing of waters within the reservoirs can provide a dampening of short-and intermediate-term fluctuations in arsenic concentrations.
Geochemical processes active at the water-bottom sediment interface may further modify arsenic concentrations. Controlled water releases from reservoirs can alter natural flow patterns and affect the transport of arsenic that has a direct relationship to stream discharge. As a result of reservoir effects, the data herein are most useful when consideration is given to longer term evaluation rather than to the short periods in which sampling runs were made. 
